Rural communities face climate change impacts that are particular to the rural parts of one region. Responding to additional challenges from climate change impacts will require significant adaptation measures within rural systems (IPCC, 2007) . Rural communities in Korea have already experienced impact of climate change, including crop and livestock loss from severe drought and flooding, large-scale losses from weather-related disasters and shifts in planning and harvesting times. These impacts have profound effects, often significantly affecting the health and well-being of rural residents and communities (IPCC, 2007) . Adaptation efforts require planning, but local governance structures tend to de-emphasize planning capacity compared to urban areas. If rural communities are to respond adequately to future climate changes, they will require assessing their risks and vulnerability. The most mutual quantitative vulnerability assessment method is the employment of a composite index comprising a set of indicators. These indicators represent the vulnerability of a studied system and are mathematically combined into a single composite index (Adger et al., 2006) . In recent decades, several composite indexes have emerged to quantify vulnerability and resilience on a macro scale. However effective planning for climate change adaptation programming requires an assessment of local vulnerabilities so as to bridge the gap between community needs and priorities at the local level, and policy processes at the higher level. Micro-level studies should form the inputs for formulating relevant policies at the macro level (Burton et al., 2002) . Among the provinces in Korea, Gyeonggi province is found to be one of the least vulnerable to climate change (Yoo et al, 2008) . However, the province-level assessment fail to capture the location specificity of smaller areas and differences that rural and urban areas have within the provinces. Municipal level assessment is required for provinces as Gyeonggi province since the province has both highly urbanized cities and rural communities where agriculture is their main economic activity. Such province requires different responses to the different impacts from climate change. Moreover, local-level vulnerability assessment is needed since Basic Law on Low Carbon Green Growth enacted in 2010 requires each municipal-level governments to develop climate change adaptation plans. This calls for the need of detailed explorations at the smaller spatial level. This paper will conduct an in-depth analysis of the local level vulnerabilities, to compare the differences that rural and urban communities of Gyeonggi Province, by developing vulnerability index and integrating quantitative analysis based on the review of previous studies. The successive steps of the analysis are presented as follows: Section 2 introduces objectives and methodology of the study. Section 3 reviews definitions and concepts of vulnerability and examines previous studies on the measurement of vulnerability assessment. Moreover, this section includes explanation of revised vulnerability index. Section 4 discusses the results by analyzing results of indicators and their practical policy implications and section 5 concludes. Although this study concentrates on only four community of Gyeonggi province, the reviewed methods are representative of vulnerability indices for socio-economic and environmental conditions of systems in general.
I Introduction
Rural communities face climate change impacts that are particular to the rural parts of one region. Responding to additional challenges from climate change impacts will require significant adaptation measures within rural systems (IPCC, 2007) . Rural communities in Korea have already experienced impact of climate change, including crop and livestock loss from severe drought and flooding, large-scale losses from weather-related disasters and shifts in planning and harvesting times. These impacts have profound effects, often significantly affecting the health and well-being of rural residents and communities (IPCC, 2007) . Adaptation efforts require planning, but local governance structures tend to de-emphasize planning capacity compared to urban areas. If rural communities are to respond adequately to future climate changes, they will require assessing their risks and vulnerability. The most mutual quantitative vulnerability assessment method is the employment of a composite index comprising a set of indicators. These indicators represent the vulnerability of a studied system and are mathematically combined into a single composite index (Adger et al., 2006) . In recent decades, several composite indexes have emerged to quantify vulnerability and resilience on a macro scale. However effective planning for climate change adaptation programming requires an assessment of local vulnerabilities so as to bridge the gap between community needs and priorities at the local level, and policy processes at the higher level. Micro-level studies should form the inputs for formulating relevant policies at the macro level (Burton et al., 2002) . Among the provinces in Korea, Gyeonggi province is found to be one of the least vulnerable to climate change (Yoo et al, 2008) . However, the province-level assessment fail to capture the location specificity of smaller areas and differences that rural and urban areas have within the provinces. Municipal level assessment is required for provinces as Gyeonggi province since the province has both highly urbanized cities and rural communities where agriculture is their main economic activity. Such province requires different responses to the different impacts from climate change. Moreover, local-level vulnerability assessment is needed since Basic Law on Low Carbon Green Growth enacted in 2010 requires each municipal-level governments to develop climate change adaptation plans. This calls for the need of detailed explorations at the smaller spatial level. This paper will conduct an in-depth analysis of the local level vulnerabilities, to compare the differences that rural and urban communities of Gyeonggi Province, by developing vulnerability index and integrating quantitative analysis based on the review of previous studies. The successive steps of the analysis are presented as follows: Section 2 introduces objectives and methodology of the study. Section 3 reviews definitions and concepts of vulnerability and examines previous studies on the measurement of vulnerability assessment. Moreover, this section includes explanation of revised vulnerability index. Section 4 discusses the results by analyzing results of indicators and their practical policy implications and section 5 concludes. Although this study concentrates on only four community of Gyeonggi province, the reviewed methods are representative of vulnerability indices for socio-economic and environmental conditions of systems in general.
II Objectives and Methodology
The main objective of this paper is to assess climate change vulnerability in rural (Yeoncheon and Gapyong) and urban (Suwon and Seongnam) areas within Gyeonggi province in Korea. As shown in the Fig. 1a , the province is located in the central western part of Korea and the rural areas in this study are located in the northern part whereas the urban areas are located in the center of the province bordered by Seoul (Fig. 1b) . The main research questions are twofold: 1) what are the variables that determine vulnerability of the communities? 2) how these variables are different between rural and urban communities, within Gyeonggi province? The main research methodologies adopted include a literature reviews and; data analysis based on revised vulnerability index with collected data from National/Provincial/Municipal Statistics offices, as well as the annual reports. Having chosen the suitable indicators, the authors use z-score calculation for normalization for bringing the values within the 
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III Climate Change Vulnerability Assessment
Climate Change Vulnerability: Definition and Conceptualization
Although vulnerability is now a central concept in climate change researches and urban and rural development policies, it has no universally accepted definition. Füssel (2007) noted that important conceptual and semantic ambiguities include whether vulnerability is the 'starting point' or the 'end-point'. According to the 'starting-point' conceptualized researches, it is depend on present social, economic and political conditions in system. In this perspective, vulnerability is regarded as 'social vulnerability', which means a priori status of a household or a community that includes socio-economic and political elements. This framework prevails in social, political economy and human geography. (Blaikie et al ,1994 and Adger et al., 2006) . Unlike 'starting-point' approaches, technical literatures on risk and disaster management conceptualize vulnerability as the 'end-point' response relation between and exogenous hazard to a system and its adverse effect (Dilley et al., 2001) . From this tradition, a common definition of vulnerability is "the degree to which an exposure is susceptible to harm due to exposure, to a perturbation or stress, in conjunction with its ability to cope, recover, or fundamentally adapt" to become a newer system or extinct (Kasperson et al, 2001 ).
An approach synthesizing above two approaches, defines vulnerability as a combination of the result of the external stresses and the internal status of the system. This paper uses the term vulnerability to describe the societal, physical and natural factors which contribute to disaster risk. This framework is the closest to the definition by IPCC AR4 (2007) that is defined by many different international organizations and researches. IPCC (2007) defines vulnerability to climate change as the degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change, including climate variability and extremes. And vulnerability is a function of the character, magnitude, and rate of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity (IPCC, 2001; Moss et al, 2001; and Yoo et al. et al., 2008) . This framework of vulnerability is shown in diagram ( Figure 2 ). In this framework, IPCC (2007) defines the terms as follow: 1) exposure is defined as the degree of climate stimuli received from either long-term changes in climate conditions, or by changes in climate variability, including the magnitude and frequency of extreme events, 2) sensitivity is the degree to which a system will be affected by, or responsive to climate stimuli (Smit et at, 2006) and it can either be biophysical effect climate change and socio-economic changes, and 3) adaptive capacity is the capability of a system to adapt to impacts of climate change, or, it is the potential or capability Fig. 2 Framework of vulnerability of a system to adjust to climate change, including climate variability and extremes, by IPCC (2007) so as to moderate potential damages, to take advantage of opportunities, or to cope with consequences (Smit et al., 2006) . Different levels of exposure to climate change can depend on its geography and degree to changing climate. Majority of previous studies on vulnerabilities defines the exposure as impact stimuli that can have direct affect on the sensitivity. A system is said to be more sensitive when the system is more affected by changing climate. Adaptive capacity is high when it is able to lessen the damages from the climate change impact and it is negative concept to sensitivity. This paper defines climate change vulnerability with components of climate exposure, sensitivity and adaptive capacity. However, it should be noted that to meet with the objective of this paper which is to examine the climate change vulnerability of local level, a lower spatial scales, it is either hard or impossible to reduce climate exposure and sensitivity to climate and adaptive capacity would have relatively higher impact on the local climate vulnerability. Vulnerability = Potential Impacts (Exposure + Sensitivity) -Adaptation (Eq.1)
Next section examines the methods to assess vulnerability through exposure, sensitivity and adaptive capacity.
Methods to Vulnerability Assessment: Vulnerability Index
Measuring vulnerability to climate change still embraces limitation which uncertainty of future climate change makes it difficult to determine physical impact with precision. However, there is nevertheless an emerging literature aiming to measure and assess vulnerability. 2001) develops Vulnerability-Resilience Index Prototype (VRIP) model, and provided a comprehensive and quantitative method for calculation of climate change vulnerability of a system. VRIP was the first formulated conceptual definition of the vulnerability into capable substitute variables. The authors sought to identify the socio-economic and environmental conditions that adversely affect the ability of different groups to adapt to climate variability and change. However, these indices include adaptive capacity of a system as an internal variable, so that it cannot assess the climate change impacts and adaptation separately. Provincial-level vulnerability assessment uses indicators on physical vulnerability and adaptive capacity and traces them into vulnerability map or vulnerability index (Wall and Marzall, 2006; Yoo et al., 2008) . Wall and Marzall (2006) develops adaptive capacity index to assess climate change vulnerability of rural community in Canada. It uses general capacity variables to focus on impacts from climate change and adaptive capacity. It embrace a set of indicators reflecting social, human, institutional, natural and economic resources and transformed into scores using Likert (0-10) and represented graphically in amoeba profiles. Yoo et al. (2008) develops Vulnerability-Resilience Index (VRI) to assess climate change vulnerability of 16 provincial governments in Korea. The authors revise VRIP model (Moss et al., 2001 ) to fit to regional-level assessment. 33 proxy variables were examined under the themes, climate exposure, sensitivity and adaptive capacity. The study indicates that provinces located in island and coastal areas are shown to have higher vulnerability than those located in urban areas, including Gyeonggi province. However, with impact of climate change becoming increasingly visible locally, understanding of areas vulnerable to climate change risks and how these vulnerabilities are differently shown in lower-level context are important. Although number of literatures aiming to measure and assess vulnerabilities, there are still limited studies on vulnerability assessment in municipal levels. By identifying relative vulnerability across municipalities, this paper aims to provide useful information to rural adaptation policies and development policies. This paper is based on Vulnerability-Resilience Index (VRI) (Yoo et al., 2008) to assess vulnerabilities in Suwon, Seongnam, Yeoncheon and Gapyeong in Gyeonggi Province. To provide the basic information on the characteristics of the 4 region, Table 1 In this paper, vulnerability is assessed as function of exposure, sensitivity and adaptive capacity, as framed by IPCC. According to IPCC(2014), there is some commonality in identifying the desirable criteria for selecting indicators and though no list can ever be complete, seeks to bring together some of the most common criteria. The report suggests the criteria for the selection of indicators based on multiple sources. In this study, the proxy variables are selected by following on the criteria suggested by IPCC (2014). Moreover, it is selected in scrutiny based on the intensive review of previous studies on VRI and elected the indicators that are accepted by reviewed studies, and availability of the data in the community. Unlike previous studies, comparing different countries, this study assess communities in one province that limit authors to selects the variables based on the availability of data.
Exposure is a level of acquaintance to climate risks that includes temperature, precipitation, and extreme weather events. According to Gyeonggi province (2014), the region has rate of increased in temperature about 0.55℃/10years and has reported to have significant rate of damages from heavy rains that increased frequency of heavy rains about 3.1% in 10 years. Moreover, Gyeonggi province suffers from extreme droughts recent years. Therefore, indicators to assess exposure, in this study, include heavy rain, droughts and heatwaves. As in Yoo et al. (2008) and other climate change researches, proxy variables presenting heavy rain includes number of days of precipitation over 80mm, maximum rate of precipitation per day, annual rate of precipitation. Proxy variable for droughts is average rate of non-precipitation days. Number of days with maximum temperature over 33℃ is to assess heatwaves in the area and number of days with minimum temperature with 25℃ is included to assess tropical temperature (Yoo et al., 2008 and Kim et al., 2012) . Exposure to high temperature as heatwaves can cause serious health illnesses such as heat cramps, heat exhaustion, and heat stroke which may lead to be fatal (IPCC, 2007) .
Sensitivity is a degree to which a system will be affected by, or responsive to climate stimuli (Smit et al., 2006) .. If a system is to be sensitive, it can be affected by even small changes in climate. With impact of climate change, the rate of sensitivity varies by system's geography and socio-economical elements, including characteristics of population and infrastructures (Yoo et al., 2008) . Moss et al. (2001) and Yoo et al. (2008) include human settlement/infrastructure, food security, ecology, health, water resource. This paper, by taking the characteristics of the targeted area into account, the sensitivity index is re-developed to include land use, population and infrastructure. Cost of damage from wind and flood and agricultural land which is sensitive to changing climate stimuli are included in land-use. Area with high density in population can have higher damages with same level of climate disasters with area with lower population density. Moreover, higher rate of single household with over 65 years and socially vulnerable population are more sensitive to heatwaves and other extreme weather events. When there is extreme weather event, area with industrial land or old houses are more likely to be damaged by the floods and droughts.
Adaptive capacity refers to the potential or capability of a system to adjust to climate change, including climate variability and extremes, so as to moderate potential damages, to take advantage of opportunities, or to cope with consequences (Smit et al., 2006) . When a system has a lower adaptive capacity, a system is vulnerable even to moderate changes in climate. However, if a system is higher in resilient system, it is high in adaptive capacity and not too much sensitive to changing in climate (Ko, 2008) . Adaptive capacity refers to economic capacity, emergent crisis management capacity and policies and programs to response to impacts (McCarthy et al. 2001) . In this paper, adaptive capacity is referred as economic capacity, physical capacity and policies related to adaptation. Economic capacity refers to any economical means that can reduce the vulnerability related to climate change, physical capacity refers to any infrastructures that can enhance the adaptive capacity and administrative preparedness refers to the number of public officers, including fire-fighters, since they can serve to moderate potential damages from climate change.
Having chosen the suitable proxy variables for each theme, data can be compare and contrast quantitatively by following normalization and calculation of the normalized data. The previous quantitative assessments on vulnerability follows three stages including normalization of data, determination of negative or positive signs, and calculation of total vulnerability index. In this study, normalization is done using z-score calculation. Among other normalization methods, such as scale transformation, rescaling by min-max and distance to a reference, z-score is generally applied in the previous studies and this method allows to compare two data that are from different unit. This study uses z-core method that is done by subtracting the mean from the observed value and dividing by the standard deviation for each indicator. This ensures that each of the rescaled variables has a mean of zero and a standard deviation of 1, allowing them to be combined directly. The result of z-score normalization already contains the positive or negative signs which encompass the second stages, determination of positive and negative relations. The results of z-score calculation results are shown in the Table 2 . With the result in the Table 2 , the vulnerability index is calculated by following the definition of vulnerability provided in Eq.1 and the result of the calculation is shown in Table 3 .
IV Results
Climate exposure indicators are to assess how the system is vulnerable to climate elements such as heatwaves and precipitation. The results of vulnerability assessment on climate exposure of the four areas are listed in Table 2 . If the variables in the climate exposure show the positive (higher) numbers, it implies the relatively higher exposure to the climate variables. By definition provided in the previous sections, if a region is more exposed to those climate variables, it is more vulnerable to the impact of climate change than the other regions that are compared. As shown in the Table. 2, Suwon (1.40) and Yeoncheon (0.36) show positive numbers while Seongnam (-1.30) and Gapyeong (-0.47) show the negative numbers in number of days with lowest temperature over 25℃. Moreover, Seongnam (0.34) also showed the positive numbers with Suwon (0.57) and Yeoncheon (0.80) in number of days with the highest temperature over 33℃. This indicates that Suwon and Yeoncheon are relatively more exposed to the damages caused by high temperature. In other words, Suwon and Yeoncheon are relatively vulnerable to the impacts that are caused by high temperatures over 25℃, than other regions, such as Seongnam and Gapyeong. This is to imply that in the regions, regardless of urban and rural, Suwon, Seongnam and Yeoncheon can have higher possibilities of having impacts from heatwaves. If a system is vulnerable to exposure to heatwaves can cause fatal illnesses. In July, 2014, high warning of heatwave was announced in Yeoncheon. To understand how the regions are exposure to the climate, not only the temperatures but also the number of days of precipitation over 80mm, maximum rate of precipitation per day and average number of days with non-precipitation are measured. The results show that Seongnam and Gapyeong are shown to have relatively higher vulnerability in those variables as the result shows the positive numbers. In recent years, Gapyeong has been experience with inordinate damages from heavy rains and landslide caused by heavy rains. According to these result, regardless of urban and rural setting, a system can have vulnerability in climate exposures although it is impossible to control the climate exposure itself, it is possible to lessen the risks by preparing damages by assessing relatively high vulnerability. Vulnerability on how the regions are sensitive to changing climate is assessed by regions' geography (land use) and socio-economical elements (population and infrastructure). Sensitivity indicator are positively relate to climate change vulnerability. This means that if the z-scores show positive, then the variables are relatively more sensitive to changing climate and by the definition, sensitive system is more vulnerable to climate change. In Table 2 , z-scores for Damages from storms and floods in Yeoncheon (0.96) and Gapyeong (1.04), and the percentage of agricultural land in Yeoncheon (1.61) and Gapyeong (0.07), show positive numbers. This shows that since the way of using their lands in rural areas are more sensitive to climate change impacts; the rural areas are more vulnerable to climate change. Except for the variables related to the population density and number of houses built before 1970s, rural areas show positive numbers. Again, the positive numbers indicate that the systems are more sensitive to changing climate and if the system is more sensitive, it is more vulnerable to climate change. Because of its location, urban areas, which are located closed to Seoul, became densely populated areas and Suwon (1.71) shows the highest vulnerability related to the older buildings since it is developed before other areas. Unlike climate exposure, it is possible to lessen vulnerability to climate change by developing policies, including developing facilities to inform and prepare risks elderly people and households receiving basic livelihood beneficiaries, which moderates the risk that would hit vulnerable population living in the rural areas.
Adaptive capacity refers to the potential or capability of a system to adjust to climate change, so as to moderate potential damages, to take advantage of opportunities, or to cope with the concerns. When a system has a lower adaptive capacity, a system is vulnerable even to moderate changes in climate. However, if a system is higher in resilient, it is high in adaptive capacity and not too much sensitive to changing in climate. It is important to note that, unlike climate exposure and sensitivity assessment, a system's vulnerability become high when adaptive capacity z-scores show negative (-) signs. As shown in the Table 2 , in comparison to Suwon and Seongnam, rural areas have negative (-) signs which indicates relatively lower adaptive capacity in the areas. Not only in economic capacity, physical infrastructure and administrative preparedness, also shows negative (-) signs. More specifically, in economic capacity, government budget and rate of fiscal independence show clear distinction between urban and rural areas. Indicators in physical infrastructures that support adaptive capacity show that rural area have relatively less developed health infrastructures and water related infrastructures. In climate related administrative preparedness, along with the rural areas, urban areas were also predicted to have possible vulnerability. The overall adaptive capacity assessment indicates the rural areas are relatively vulnerable to climate change risks and required to develop resilient economic, physical and political capacity to prepare themselves from high climate change risks. Table 3 shows the results of the vulnerability assessments calculation using, Eq.1, subtracting adaptive capacity from summation of climate exposure and sensitivity. To do this, each normalized variables, z-scores (Table 2) , are added under each themes. For climate exposure, z-scores under sub-themes of Heatwaves and Presipitation, are all summed up for each regions. As noted, positive and higher z-score is relatively more exposed to changing climate and this implies the region is more vulnerable to changing climate. Seongnam (2.98) shows positive and Suwon (-1.50), Yeoncheon (-0.50) and Gapyeong (-0.98) show negative. This implies that either urban or rural areas can have high exposure to changing climate such as extreme weather events, however, the sensitive to these exposures and the level of adaptive capacity can make difference in the level of vulnerability of the regions. The sensitivities of the regions are calculated by summing up the z-scores in the Table 2 under sub-themes of Land-use, Population and Infrastructures. The result shows the clear distinction between urban and rural areas. Yeoncheon (2.20) and Gapyeong (2.03) shows positive (higher) numbers to indicate relatively higher sensitivity compare to the urban areas, Suwon (-0.88) and Seongnam (-3.33). The rural areas are more sensitive to small change of climate in their geography and socio-economic settings, compared to the urban areas. To understand the total vulnerability level of the regions, adaptive capacity variables are calculated by totaling the z-scores under sub-themes of economic capacity, physical infrastructure, and administrative preparedness. A system has a higher adaptive capacity when the total of the variable shows the positive sign (higher number) and lower capacity when the numbers are negative (smaller number). The positive results are shown in Suwon (5.09) and Seongnam (3.15) and the negative results are found in Yeoncheon (-2.62) and Gapyeong (-5.58 ). This implies that the urban areas are relatively high in adaptive capacity than the rural areas. By applying the Eq.1, summing the z-scores of climate exposure and sensitivity and subtracting the adaptive capacity z-scores, total vulnerability is calculated. The positive and higher the numbers show the higher vulnerability to climate change in the regions. The result clearly shows the distinction between urban and rural areas. Although the extent to vulnerabilities are differently shown within urban areas, Suwon (-7.47) and Seongnam (-3.50), it clearly indicates that the urban areas are relatively lower vulnerable to climate impacts. The results of Yeoncheon (4.32) and Gapyeong (6.63) show different extents of vulnerability within the areas, as those numbers show the positive (higher) numbers, it clearly shows that the rural areas are higher in vulnerability to climate change than those urban areas.
V Conclusion
The risks of adverse impacts from climate change increase with the magnitude and some of these systems may experience significant and irreversible damage. Developing and implementing adequate adaptation measures, a capability of a system to adjust to climate change, so as to moderate potential damages, to take advantage of opportunities, is now a major context of development policies. However, potential damages from climate change faced in different degrees among rural and urban communities. Rural communities are highly dependent upon natural resources that are affected by climate change. Therefore, it is important to conduct vulnerability assessment on how the communities face particular obstacles in responding to climate change that increase their vulnerability to its impacts. Vulnerability assessment in national-level and regional level have been conducted in previous studies, including Yoo et al. (2008) , which developed Vulnerability Resilient Index to conduct vulnerability assessment on 16 regions in Korea. Albeit Gyeonggi province was one of the least vulnerable region, different degree of damage from climate change impact have evidenced in Gyeonggi province. Adaptation measure should be developed and implemented in local level and should be designed differently considering socio-economic and environmental conditions that adversely affect the ability of different groups, rural and urban groups, to adapt to climate variability and change. This study is to identify different vulnerabilities of two urban (Suwon and Seongnam) and two rural (Yeoncheon and Gapyeong) communities of Gyeonggi province. Particularly, this study aims to conduct vulnerability assessment to compare and contrast climate exposure, sensitivity and adaptive capacity of the four communities with quantitative methods. The result indicates that the rural and urban communities composing Gyeonggi province proved to have different vulnerability to climate change impact.
Yeooncheon and Gapyeong, typical rural communities, are relatively high in its vulnerability to climate change impacts. More specifically, Yeonchoen and Gapyeong, compared to the urban communities, are relatively sensitive to the climate impacts. It is found that these communities are mostly composed of agricultural land and have population that is mostly vulnerable to climate change. Moreover, the rural communities were found to be less capable of resilient to the impact because of the weak economic capacity and physical infrastructures in the communities. To lessen further damages from climate impacts in Geyonggi province, it is necessary to consider the information. The implication of the study is that to prevent and reduce the damages from climate change impact in rural communities of Gyeonggi province, this study can provide vital information to develop adequate adaptation measures by providing the different elements that induce vulnerability of climate change impacts that rural and urban have. Limited data availability and equivocal indicators on adaptive capacity should be developed further to understand more clearly on the vulnerability of the communities. This study can be more developed to be applied to other regions of rural communities to be referred as important data to be used in integrated climate change vulnerability assessment of rural community which should be considered separately from urban community vulnerability assessment.
